Dynamic property of polyurethane foam is investigated experimentally. Polyurethane foam is loaded periodically with various amplitudes and various frequencies, and load, deflection and velocity of the polyurethane foam are measured. Using non-parametric identification technique in time domain, dynamic property of polyurethane foam is modelized as a function of velocity and deflection of polyurethane foam. Then we proposed a new model of dynamic property of polyurethane foam. Experiments are conducted with various conditions of size and compressibility, and the validity of the proposed model is confirmed. Difference of dynamic property by size and compressibility is investigated.
Introduction
Polyurethane foam is widely used for cushion material of sheets, shock absorbing material and acoustic insulation. Polyurethane foam has a complex dynamic property, and has been researched by many investigators (1) - (4) . Conventional model of dynamic property of polyurethane foam includes convolution integration, and is complicated for analysis. In this paper, we shall propose a new model of dynamic property of polyurethane foam, which is simple, and easy for analysis. To this end, we assumed that internal force (sum of restoring force and damping force of polyurethane foam) is a function of deflection and velocity. Experiments under various amplitudes and frequencies are conducted, and load, deflection and velocity of the polyurethane foam are measured. Using non-parametric identification technique in time domain (5) The polyurethane foam is tested under condition of compressibility 20% and 40% for initial thickness. The experiment were conducted in the range of excitation frequency 1~20Hz and amplitude 1~5mm.
Experimental results
In this study, we assumed that internal force (sum of restoring force and damping force of polyurethane foam) is a function of deflection and velocity. Appling non-parametric identification technique to the result of experiment, the internal force of the polyurethane foam was identified as a function of deflection and velocity. An example of results is shown in Fig.2 . In this figure, abscissa, tilted axis and ordinate indicate the deflection, the velocity and internal force of the polyurethane foam, respectively. Internal force of positive and negative value was shown by solid line and dashed line, respectively. It is found from the figure that internal force of polyurethane foam varies smoothly as a function of the deflection and velocity. Figure 2 (b) indicates internal force as a function of velocity at a certain deflection. It is found from Fig.2 (b) that the internal force tends to change at high rate for small velocity and at low rate for large velocity. 
Proposition of a new model

According the result mentioned above, we proposed a new model of internal force of polyurethane foam as follows:
The first term of Eq. (1) indicates restoring force. It is considered generally that restoring force of polyurethane foam is nonlinear. Therefore, power series of third order of the deflection was assumed as restoring force of polyurethane foam, firstly. However, difference between hysteresis loops obtained experimentally and calculated by the identified model appeared. Figure 3 shows an example of hysteresis loops obtained experimentally and calculated by the identified model. In this figure, solid line indicates hysteresis loop obtained experimentally, and dashed line indicates that calculated by model identified with cubic term of the deflection. It is shown from the figure that difference appears for the large deflection. After some tries and errors, it was concluded that linear model for the restoring force is enough for the deflection rage in this study. It is considered that high order terms are required for the deflection larger than that of this study. The second term of Eq.(1) indicates damping force. Using hyperbolic tangent function, this model shows viscous damping property for small velocity, and hysteretic damping property for large velocity. Because the line at which internal force became zero at Fig.1(a) inclines from the abscissa, deflection term x α is included in the hyperbolic tangent function. The parameters of Eq.(1) are identified by least mean square method. 
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Comparison with the experimental results
To check the validity of the proposed model, comparison between experimental results and those calculated by the identified model was conducted for polyurethane foam of various size and compressibility.
Firstly, Comparison between hysteresis loops obtained experimentally and calculated by the identified model was conducted. Figure 4 shows the results of polyurethane foam of area 0.5×10 -2 m 2 and compressibility 20%. In this figure, abscissa and ordinate indicate deflection and internal force of polyurethane foam, respectively. Solid line and dashed line show the hysteresis loops obtained experimentally and calculated by the identified model. It is seen from Fig.4 that both agree well at various amplitudes and frequencies. Figure 5 shows the results of polyurethane foam of area 1.5×10 -2 m 2 and compressibility 40%. In this case, also, the hysteresis loops obtained experimentally and calculated by the identified model agree well. shows results for case of amplitude 2mm, compressibility 40%. In this case, the same conclusion can be obtained. From above, it can be concluded that result calculated by the identified model agree well with those obtained experimentally under the condition of this study, and the validity of the proposed model is confirmed. 
Considerations for difference in area
In above study, identification must be conducted for every piece of polyurethane foam. It is desirable for availability that model is given in form of material property like young's modulus. To investigate probability, comparison of the identified parameters of polyurethane foam with various areas was conducted. Table 1 shows the identified parameters of polyurethane foam of various areas. For comparison, spring constant k and damping force H divided by the area A are presented in Table 1 . For damping force per unit area, the values were scattered more than that for spring constant, but within same order. Although coefficient α was scattered widely, coefficient β was within same order. Table 1(b) shows results for the case of amplitude 2mm, compressibility 40%. The similar trend was seen from Table 1(b) . From above, there is a possibility of development into model in the form of material, but more accurate identification is required. As a reason of large difference for small area piece, the influence of lateral deformation can be considered. It is considered that advanced model taking lateral deformation into account is required. 
Conclusion
Assuming internal force as a function of deflection and velocity, we proposed a new model of dynamic property of polyurethane foam, which is simple and easy for analysis. To check the validity of the proposed model, experiments for various size of polyurethane foam under various conditions were conducted, and coefficients of the model were identified. Then, results obtained experimentally and calculated by the identified model were compared. According the results, the validity of the proposed model under the condition of this study was confirmed. Considerations for difference in area were also conducted.
